We study loop-induced parity violating asymmetries in the strong production of polarized top quark pairs at pp and pp colliders. The electroweak O(α) corrections to the helicity amplitudes of qq → tt and gg → tt are evaluated in a two Higgs doublet model (2HDM) and the minimal supersymmetric standard model (MSSM). While observables in top quark pair production receive little contribution from standard electroweak interactions, it is possible that they can be significantly enhanced in a 2HDM and the MSSM. We find that the one-loop MSSM electroweak corrections can generate parity violating asymmetries in the total production rate of left-and right-handed top quark pairs up to about 1.7% at the upgraded Tevatron ( √ S = 2 TeV) and 3% at the LHC ( √ S = 14 TeV).
I. INTRODUCTION
In the near future, the upgraded Fermilab Tevatron pp collider will be able to produce about 7×10 4 top quark pairs (tt) [1] and the CERN Large Hadron Collider (LHC) pp collider will be able to generate about 10 7 tt with a moderate integrated luminosity of L = 10 fb −1 . The large amount of top quark pairs suggests that it might be possible to explore top quark observables and to perform electroweak precision physics studies in the spirit of the successful LEP/SLD program [2] .
Although the Standard Model (SM) has impressive experimental success, various theoretical arguments such as the fine tuning problem and the hierarchy problem suggest that the SM is merely the effective low energy version of a more fundamental theory. One attractive extension of the SM is supersymmetry (SUSY) [3, 4] which connects fermions and bosons.
We consider a two Higgs doublet model (2HDM) [5] with two doublets φ 1 and φ 2 that couple to the t 3 = −1/2 and t 3 = +1/2 fermions, respectively. After spontaneous symmetry breaking, there remain five physical Higgs bosons: a pair of singly charged Higgs bosons H ± , two neutral CP-even scalars H 0 (heavier) and h 0 (lighter), and a neutral CP-odd pseudoscalar A 0 . The Higgs potential as well as the Yukawa interactions between fermions and Higgs bosons in this 2HDM are the same as those of the minimal supersymmetric standard model (MSSM) [4, 5] .
The Higgs sector of a supersymmetric theory must contain at least two SU(2) doublets for anomaly cancellation. In the MSSM, the Higgs potential is constrained by supersymmetry such that all tree-level Higgs boson masses and couplings are determined by just two independent parameters, commonly chosen to be the mass of the CP-odd pseudoscalar (M A ) and the ratio of vacuum expectation values of Higgs fields (tan β ≡ v 2 /v 1 ). If all supersymmetric particles are much heavier than SM particles and Higgs bosons, the MSSM becomes similar to a two Higgs doublet model (2HDM).
At the Tevatron, quark antiquark annihilation (qq → tt) is the major source of top quark pair production. Gluon fusion (gg → tt) produces most of the top quark pairs at the LHC. Complementary to the direct search for signals of new physics, the confrontation of theoretical predictions of top quark observables beyond leading order in perturbation theory with their precise measurements not only provides a consistency check for the SM but also might reveal the nature of new physics. The SM radiative corrections to both production mechanisms have been calculated with one-loop QCD corrections as well as gluon resummation [6] and the electroweak (EW) O(α) contribution. The SM EW corrections have only marginal effects on tt observables [7, 8] such as the total cross section, the invariant mass distribution and the asymmetries in the production of left-and right-handed top quark pairs. It is possible that these observables might be considerably enhanced in supersymmetric models and two Higgs doublet models.
Recent studies on radiative corrections to→ tt and gg → tt in a general 2HDM and the MSSM found promisingly large effects. The one-loop EW corrections within the 2HDM [9, 10] typically reduce the cross sections by up to ≈ 6% at the upgraded Tevatron and ≈ 9% at the LHC. In most of the MSSM parameter space, the one-loop EW corrections [10] [11] [12] [13] reduce the cross sections by up to ≈ 5, 10% (Tevatron, LHC).
The SUSY QCD O(α s ) corrections can enhance the effects of the MSSM EW one-loop corrections depending on the choice of the input parameters [13] [14] [15] . The SUSY QCD corrections to theannihilation subprocess, for instance, can considerably affect the cross section when the gluino is not too heavy, mg < ∼ 350 GeV, so that at the upgraded Tevatron, the combined MSSM EW and SUSY QCD one-loop corrections can reduce the tt production cross section by up to ≈ 10% (mg = 150 GeV) [15] .
In this paper we study parity violating asymmetries in polarized tt production at hadron colliders. We calculate the polarized differential cross sections to O(αα 2 s ) for both→ tt and gg → tt within the 2HDM and the MSSM and study the resulting asymmetries in the total production rate and invariant mass distribution of left-and right-handed top quark pairs at the upgraded Tevatron and the LHC. These polarization asymmetries directly probe the parity non-conserving part of the EW interactions within the models under consideration. While observables in unpolarized tt production have the drawback that loop-induced effects need to be disentangled from the SM QCD background, parity violating asymmetries in polarized strong tt production have the potential to provide a clean signal of new physics: there are no parity violating asymmetries at leading order in perturbation theory since QCD preserves parity and the SM EW induced asymmetries are too small to be observable, at least at the Tevatron pp collider. Thus, any large signal of parity non-conserving effects in strong tt production suggests the presence of new physics. Within the models under consideration there is the possibility of considerable enhancements of parity non-conserving EW interactions due to the virtual presence of a charged Higgs boson with enhanced Yukawa couplings, and of neutralinos and charginos, i.e. the linear combinations of the supersymmetric partners of the Higgs bosons and the electroweak gauge bosons.
The information on the polarization of the top quark can be deduced from its decay products, since in average the top quark decays before it can form a hadronic bound state or flips its spin. How to measure polarization asymmetries in tt production at hadron colliders has been discussed in the context of testing CP violating effects [16] and studying spin correlations between the t andt [17] [18] [19] . The polarization of the (anti)top quark is transferred to its decay products, so that spin information can be obtained from the resulting angular correlations between the t andt decay products or from the angular and/or energy distribution of the charged lepton l in t → blν, for instance. In this paper we concentrate on asymmetries in the invariant mass distribution and the total production rate of left-and right-handed top quark pairs. We will take into account the (anti)top quark decay and study how the parity violating effects in the tt production process affect observables involving the t(t) decay products in a forthcoming publication.
Recent measurements of the b → sγ decay rate by the CLEO [20] and LEP collaborations [21] place constraints on the mass of the charged Higgs boson in a 2HDM with Yukawa interactions of model II 1 and on the parameter space of the MSSM and the minimal supergravity unified model (mSUGRA) [22, 23] . It was found that the branching ratio of b → sγ disfavors a large region of the MSSM and the mSUGRA parameter space when tan β is large 1 The upper limit of B(b → sγ) demands that (M H ± > ∼ 240 GeV) [20] .
(tan β > ∼ 10) and µ < 0 [23] . Therefore, we consider µ > 0 in our analysis 2 . This paper is organized as follows: In Section II we present the differential cross sections to O(αα 2 s ) for polarized strong tt production at hadron colliders within the SM, the 2HDM and the MSSM. In Section III we introduce the polarization asymmetries in the polarized total tt production rate and the invariant tt mass distribution which result from the presence of parity violating EW interactions within the 2HDM and the MSSM. We discuss the dependence on the input parameters of the models under consideration with special emphasis on the numerical significance compared to parity violating effects within the SM. We conclude with Section IV. The appendices provide explicit expressions for the helicity amplitudes at the Born-level (Appendix A), for the form factors parameterizing the parity non-conserving effects (Appendix B), and for the interference between the one-loop EW corrections and the Born matrix elements in the helicity states of tt (Appendix C).
II. POLARIZED STRONG TOP PAIR PRODUCTION
The main production mechanism for tt production at the Tevatron is the annihilation of a quark-antiquark pair
whereas at the LHC the top quark pairs are mainly produced via the fusion of two gluons
At the parton level, we obtain the corresponding differential cross sections to polarized top pair production by applying spin projection operators
when contracting the matrix elements δM i , i = qq, gg describing the O(α) contribution with the Born matrix elements
where β t = 1 − to the production of polarized tt pairs. The next-to-leading order matrix elements δMand δM gg comprise the EW O(α) corrections to theannihilation and gluon fusion subprocesses, respectively, within the model under consideration. In the following presentation of polarized strong tt production to O(αα 2 s ), we closely follow the notations of Refs. [7] (SM) and [10] (2HDM and MSSM) , where the impact of EW oneloop contributions on the unpolarized tt production cross sections has been studied. Here we concentrate on parity violating effects and give explicit expressions only for the parity non-conserving parts of the EW O(α) corrections.
A. The Amplitudes
At O(α) within the SM the gtt vertex is modified through the virtual presence of the Higgs boson η and the electroweak gauge bosons Z 0 and W ± . In a two Higgs doublet model, the SM Higgs sector is extended to have two Higgs doublets so that the gtt vertex is now modified by the exchange of a heavy and a light neutral scalar, H 0 and h 0 , a pseudoscalar A 0 and a charged Higgs boson H ± . Within the MSSM δM qq,gg comprise the EW contributions of the MSSM Higgs sector and the genuine SUSY contributions, i.e., the modification of the gtt vertex by the virtual presence of charginosχ ± i and sbottomsb L,R and neutralinosχ 0 i and stopst 1,2 . Here we label the stop mass eigenstates such that mt 1 < mt 2 which is opposite to the notation chosen in Ref. [10] .
The O(α) corrections can be parameterized in terms of form factors revealing the Lorentz structure of the matrix elements to strong top pair production as follows:
qq annihilation:
where i, j, k, l; c are color indices and T c = λ c /2 with the Gell-Mann matrices λ c . δM indescribes the modification of the initial state gqq vertex with the initial state quarks considered to be massless. The final state EW one-loop contribution to theannihilation subprocess is described by δM f in. The form factors F V,M parameterize the parity conserving part of the EW one-loop corrections and can be found in Refs. [7] (SM) and [10] (2HDM and MSSM). The parity violating form factors G A are explicitly given in Appendix B.
gluon fusion:
The O(α) contribution to the gluon fusion subprocess comprises the vertex corrections to the s and t(u) production channel described by F V,M , G A and ρ
The standard matrix elements M
and the parity conserving form factors ρ X,(t,u) i are explicitly given in Refs. [7] (SM) and [10] (2HDM and MSSM). In Appendix B we provide explicit expressions for σ X,(t,u) i which parameterize the parity violating part of the EW oneloop corrections to the gluon fusion subprocess.
After contracting the next-to-leading order matrix elements δM qq,gg with the Born matrix elements M qq,gg B according to Eq. (2) the polarized differential cross sections are described in terms of scalar products involving the external four-momenta and the top/antitop spin four-vectors s t,t . The latter are defined after choosing the axes along which the t and t spins are decomposed as it is described in Appendix A. As studied in Refs. [18, 19] the freedom in the choice of the spin axes can be used to increase spin correlations at hadron colliders. Here we choose the helicity basis where the spin is quantized along the particle's direction of motion. In a forthcoming publication, once we have taken into account the decay of the polarized top quarks we will also look into the possibility to increase the observability of parity violating effects by choosing other bases than the helicity basis.
B. The Cross Sections
Using the helicity basis the polarized differential tt production cross sections to O(αα 2 s ) at the parton level read as follows:
where i numerates the 14 standard matrix elements M (V,A),(t,u) i and j = 1, 2, 3 the s, t, uchannel of the Born matrix element. The color factors c s,t,u (j) can be found in Appendix B.3 of Ref. [7] . In Eq. (8) M (V,A),(t,u) λtλt (i, j) contains the average over the gluon polarization states for fixed top/antitop helicities according to Eq. (3.40) of Ref. [7] :
where M gg,j B describes the j-th production channel contribution to the Born matrix element. In Appendix C we provide all non-vanishing contractions of the standard matrix elements with the Born matrix elements.
The observable hadronic cross sections to pp, pp → ttX are obtained by convoluting the partonic cross sections of Eqs. (6, 7, 8) with the corresponding parton distribution functions. After performing the integration over the scattering angle the tt observables of interest in this paper, the polarized tt production cross section σ λt,λt and invariant tt mass distribution dσ λt,λt /dM tt , are described as follows:
with τ = x 1 x 2 =ŝ/S and the parton luminosities
and
tt /S. We use the MRSA set of parton distribution functions [24] with the factorization (Q) and renormalization scale (µ) chosen to be Q = µ = m t . In order to take into account that jets originating from the produced top quarks at large scattering angles are better distinguishable from the background we impose a cut on the transverse momentum p t of the top quark in the CM frame: p t >20, 100 GeV (Tevatron, LHC). Finally, in the following numerical evaluation the EW SM input parameters are chosen to be [2, 25] :
III. PARITY VIOLATING ASYMMETRIES
In order to study the impact of loop-induced parity violating interactions in strong tt production at the upgraded Tevatron (with √ S = 2 TeV) and the LHC (with √ S = 14 TeV) we introduce the following polarization asymmetries [8, 12] :
• the differential left-right asymmetry
with dσ λt,λt /dM tt of Eq. (12),
• the integrated left-right asymmetry
with σ λt,λt (S) of Eq. (10) and
• the integrated left-right asymmetry when assuming that the polarization of only one of the top quarks in tt is measured in the experiment (here we sum over thet helicity states)
where σ(S) = λt,λt=±1/2 σ λt,λt is the total unpolarized tt production cross section.
When studying these asymmetries we are directly probing the parity non-conserving interactions parameterized by the form factors G A and σ
of Eqs. (B2,B7). For illustration, we only consider theannihilation subprocess so that the differential left-right asymmetry δA LR of Eq. (13) can be approximated as follows:
which is a good approximation in case of tt production at the Tevatron. As can be seen the loop-induced left-right asymmetry is directly proportional to the parity violating form factor G A . Before we start the numerical discussion we would like to point out that there is another source of parity violation when the top quark pairs are produced in the Drell-Yan process→ Z → tt with the differential production cross section at the parton level (using helicity basis) [12] 
where v q,t , a q,t parameterize the Zqq, Ztt couplings [7] . The Drell-Yan production process prefers the production of t LtR pairs, so that the loop-induced asymmetry in strong tt production at the Tevatron is modified as follows:
Thus, the parity violating asymmetries are either enhanced or reduced depending on the model under consideration. Within the SM, for instance, the differential left-right asymmetry δA LR in the production process→ tt is less pronounced when the Drell-Yan production mechanism is included. In the following numerical discussion, we always include the→ Z → tt production process. Naturally, at the LHC the Drell-Yan production process is strongly suppressed and in particular has no effect on the parity violating asymmetries. We start the numerical discussion with the study of loop-induced parity violating effects within the 2HDM. Within the 2HDM the loop-induced asymmetry results from the virtual presence of electroweak gauge bosons and the charged Higgs boson. As can be easily verified from the structure of the top-Yukawa coupling to the charged Higgs boson (see, e.g., Table I of Ref. [10] ) there are two possibilities of enhancement: for very large and very small values of tan β. This is illustrated in Fig. 1 where we compare δA LR obtained within the 2HDM for different choices of tan β and M H ± with the asymmetry obtained within the SM (with M η = 100 GeV). In Fig. 2 the integrated asymmetries A LR of Eq. (14) and A of Eq. (15), are shown in dependence of M H ± for different values of tan β. At the upgraded Tevatron and the LHC the parity violating interactions within the 2HDM yield asymmetries in the total production rate of left-and right-handed top quark pairs of |A LR | ≤ 1.4% and ≤ 2.5%, respectively. They can be considerably larger than the asymmetries observed within the SM: |A LR | = 0.05% (Tevatron) and 1.2% (LHC). When we assume that the polarization of the antitop quark is not measured the remaining 2HDM asymmetry still amounts to |A| ≤ 0.9%, 1.1% compared to |A| = 0.04%, 0.5% (Tevatron, LHC) within the SM.
Within the MSSM additional sources of parity violation in strong tt production occur due to genuine SUSY EW contributions, i.e. the parity violating components of the t −t j −χ 0 i and t −b j −χ ± i interactions. For the moment we shall neglect the parity violating effects induced by SUSY QCD interactions, which only arise when the squarks are non-degenerate in mass [14, 15] . In the following we study the dependence of the differential and integrated asymmetries on the following MSSM input parameters:
Alternatively, we can also choose M H ± as input parameter and M A is determined through the relation
We evaluate the Higgs masses and couplings with one loop radiative corrections [26, 27] from both the top and the bottom Yukawa interactions at the scale Q = √ mt L mt R . When this high scale is used, the RGE improved one-loop corrections approximately reproduce the dominant two loop perturbative calculation [28] of the mass of the lighter CP-even Higgs scalar (M h ). To account for the experimental bounds on the supersymmetric particle mass spectrum from the negative search at LEP we only allow those parameter combinations which yield M h ≥ 70 GeV, the lightest neutralino Mχ0 ≥ 25 GeV and Mχ± ≥ 90 GeV. The parity violating asymmetries within the MSSM result from the interplay of the contribution from the supersymmetric Higgs sector (H ± )and the genuine SUSY EW contribution (χ ± i ,χ 0 i ). Depending on the choice of the MSSM parameters the latter can either enhance or diminish the parity violating effects loop-induced by the charged Higgs boson contribution. This is illustrated with Fig. 3 and Fig. 4 , where we display the dependence of δA LR on Φt and on the mass of the light top squark mt 1 for the two extreme choices of tan β, tan β = 0.7 and tan β = 50. As can be seen from the comparison with the differential asymmetries obtained within the 2HDM (see Fig. 1 ) the parity violating SUSY EW contribution is small for Φt = π/4, but significant for Φt = 0, π/2. This can be easily understood when studying the structure of the couplings g j s,p (see Table II of Ref. [10] ) involved in the chargino/neutralino contribution of Eqs. (B10,B14) , where the dominant Higgsino part is proportional to cos 2Φt. The choices for tan β and mt 1 also affect the relative sign of the charged Higgs boson and chargino/neutralino contribution, so that in Fig. 3 and Fig. 4 we observe either considerable enhancements or cancellations in δA LR . The corresponding integrated asymmetries are presented in Fig. 5 and Fig. 6 , where we show the variation of A LR and A with M H ± for different MSSM scenarios. The range for allowed values of M H ± is constrained by the LEP 2 experimental limit on the mass of the lighter CP-even Higgs boson (M h ) if tan β is small. For tan β = 0.7 and light top squarks we found that the radiative corrections to the supersymmetric Higgs mass relations always render M h < 70 GeV when the trilinear coupling A t = 0 (Φt = 0 or π/2) in the top squark sector. Thus, we choose Φt = π/8, 2π/5 for the light stop scenario (mt 1 =90 GeV). For heavier top squarks and tan β = 0.7, M h can become smaller than 70 GeV with M A < ∼ 180 GeV. Therefore the corresponding curves start only at M H ± ∼ 200 GeV in Fig. 6 . At the upgraded Tevatron the parity violating effects within the MSSM can result in integrated left-right asymmetries of |A LR | ≤ 1.7% and |A| ≤ 1.2%, which still might be very difficult to observe. At the LHC the integrated asymmetries can be as large as |A LR | ≤ 3.2% and |A| ≤ 1.4%.
As a sensible measure for the observability of the integrated left-right asymmetries we follow Refs. [8, 12] and introduce a statistical significance N S
In the derivation of N S we define the observable integrated left-right asymmetries and their statistical uncertainties ∆A (LR) as follows
and approximate the number of the observed polarized tt events by using
where L denotes the integrated luminosity. At the LHC, statistics is not the limiting factor: with L = 10 fb −1 left-right asymmetries as small as 0.1% are already statistical significant. At the Tevatron, however, it might be difficult to observe even the enhanced effects of the MSSM parity violating EW interactions. In Table I we provide the integrated left-right asymmetries A LR , A within the 2HDM and MSSM for different choices of the input parameters together with the corresponding N S at the upgraded Tevatron with L = 30 fb −1 [1] . Since QCD conserves parity, we have not included SM QCD radiative corrections in our analysis. SM QCD corrections might modify the normalization of the polarization asymmetries, however, they will not change our conclusions on the observability of parity violating effects in tt production. While QCD corrections to strong tt production might slightly reduce the asymmetries, the number of observed polarized tt events is expected to be enhanced. The QCD effect of a slight reduction in the asymmetries can be partially compensated in the statistical significance N S of Eq. (19) .
Experimentally, the spin information of the top quark can be obtained from the angular distribution of the leptons in the top quark decay [18] . Assuming that the acceptance cuts reduce the cross section by a factor of 2 and folding in the branching ratio of B(t → W + b → l + νb ∼ 0.214) [25] , we obtain a statistical significance of the integrated asymmetry about 1/3 of the value presented in this paper. However, it has been pointed out that the parity asymmetry could be significantly enhanced with a cut on M tt [12] . With optimal cuts on the M tt and on the angle between the lepton and the top quark, the parity asymmetries might be visible at the LHC. A detailed study at the lepton level with gluon radiation is under investigation and will be reported in the future.
IV. CONCLUSIONS
We studied the (virtual) effects of parity violating EW interactions within the 2HDM and the MSSM in polarized tt production at future hadron colliders: the upgraded Tevatron pp collider with √ S = 2 TeV and the LHC pp collider with √ S = 14 TeV. We calculated the resulting asymmetries in the total production rate and the invariant mass distribution of left-and right-handed top quark pairs, A, A LR and δA LR , and discussed their numerical significance in dependence of the input parameters of the models under consideration. While the SM parity violating EW O(α) corrections induce only very small polarization asymmetries, there could be significant enhancements within the 2HDM and the MSSM. In particular, these loop-induced asymmetries are sensitive to the charged Higgs boson and/or the top-stop(sbottom)-neutralino(chargino) interaction due to enhanced Yukawa top-Higgs (Higgsino) couplings. We find that at the upgraded Tevatron with L = 30 fb −1 even nonstandard parity violating effects are still difficult to be observed. In contrast at the LHC, statistics is not the limiting factor and polarization asymmetries as small as 0.1% are expected to be observable. Within the 2HDM the loop-induced integrated asymmetries A LR , A are most pronounced for a light charged Higgs boson and very small or very large values of tan β and can reach up to |A LR | ≈ 1.4%, |A| ≈ 0.9% at the upgraded Tevatron and up to |A LR | ≈ 2.5%, |A| ≈ 1.1% at the LHC. Within the MSSM the contribution from the charged Higgs boson can be enhanced or diminished depending on the mass of the light stop mt 1 and the value of the stop mixing angle Φt. The largest effects can be observed if there exists a light top squark. For instance, for mt 1 = 90 GeV and tan β = 0.7 the MSSM EW one-loop corrections can induce left-right asymmetries of |A LR | ≤ 1.7%, |A| ≤ 1.2% (Φt = 2π/5) at the upgraded Tevatron and of |A LR | ≤ 2.7%, |A| ≤ 1.2% (Φt = π/8) at the LHC. For large values of tan β, tan β = 50 (Φt = 0), the integrated left-right asymmetries can still amount to |A LR | ≤ 1.3%, |A| ≤ 0.9% at the upgraded Tevatron and to |A LR | ≤ 3.2%, |A| ≤ 1.4% at the LHC.
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APPENDIX A: THE BORN SPIN AMPLITUDES
We define the spin four-vectors s t,t in the particle's rest frame in terms of a spin angle ξ as it is illustrated in Ref. [19] s ′ t,t = (0; sin ξ, 0, cos ξ) ,
so that in the parton CMS the spin four-vectors read
with γ t = 1 − β 2 t . After applying the projection operators of Eq. (1) the spin amplitudes are given in terms of the scalar products of the spin four-vectors and the four-momenta p i . In the parton CMS with the z-axis chosen to be along the top quark direction of motion the four-momenta read as follows:
At the parton level, according to Eq. (2) the polarized Born differential cross sections dσ i B /d cosθ for a generic spin basis are then determined by the following spin amplitudes (with z = cosθ)
where Y is a common spin-independent angular factor as it is defined in Ref. [18] Y(β t , z) = 7 + 9β
For ξ = ±π the helicity basis is recovered where the particle's spin is decomposed along its direction of motion. As discussed in Refs. [18, 19] the freedom to choose ξ can be used to enhance spin correlations in the production of polarized tt pairs.
APPENDIX B: THE FORM FACTORS
After performing an on-shell renormalization procedure as described in Ref. [7] the O(α) contribution to strong top pair production is parameterized in terms of UV finite form factors. Depending on the choice of the model (SM, 2HDM or MSSM) the renormalized vector form factor (F V ), the magnetic form factor (F M ) and the axial vector form factor (G A ) comprise the weak gauge boson contribution F 
whereq ′ j denotes the isospin partner ofq j . In case of final state vertex corrections m q = m t and mq j = mt j . For the initial state contribution to theannihilation subprocess we assume m q = 0, so that there is no Higgs boson contribution and (F, S) M = 0. For the genuine initial state SUSY contribution the masses of the supersymmetric partners of the light quarks mq j are fixed by choosing mb j as it is described in Ref. [10] . Explicit expressions for F V,M and S V,M are provided in Refs. [7, 10] . The renormalized axial vector form factors read
In the diagrams involving the charged Higgs boson and the W boson, m ′ denotes the mass of the isospin partner of q, t, and m ′ = m q,t in the contributions of neutral Higgs bosons and the Z boson. The top Yukawa couplings c s , c p , c ′ p are described in Refs. [7] (SM) and [10] (2HDM). The quark-gauge boson couplings g V , g A are given in Ref. [7] . g j s , g j p denote the scalar and pseudo-scalar coupling, respectively, describing the neutralino(chargino)-stop(sbottom)-top-vertex (Table II of Ref. [10] ). The renormalization constant δZ G,H,S A is defined by the axial vector part of the unrenormalized quark self energy
The weak gauge boson and Higgs boson contribution Σ G,H A is explicitly given in Ref. [7] . The EW SUSY contribution reads
We follow the notations of the B, C-functions in Ref. [7] . The O(α) contribution to the t(u)-channel of the gluon fusion subprocess comprises the parity conserving part parameterized in terms of the form factors ρ X,(t,u) i [7, 10] 
and the parity violating part
There the parity violating parts of the weak gauge boson, Higgs boson and genuine SUSY contributions to the vertex corrections, the top quark self-energy insertions and the box diagrams are described by (G, H, T )
, respectively.
Vertex corrections:
where the three-point functions C(t, m ′ , m ′ , M V,S ) are given in Ref. [7] .
Top quark self-energy insertion:
Box contribution:
where the three-and four-point functions are denoted by
The u-channel contribution σ (V,Σ,2),u i can be obtained from the t-channel form factors by replacingt withû. 
